Abstract
(Spz) proteins, and only the canonical Toll-Spz (Toll-1-Spz-1) pathway has been well 23 investigated. In this study, we compared the nine Drosophila Tolls and showed that similarly 24 to Toll, Toll-7 also strongly activated drosomycin promoter. Importantly, we showed that 25 both Toll and Toll-7 interacted with Spz, Spz-2 and Spz-5, and co-expression of Toll or 
Introduction

39
The defense system in Drosophila melanogaster can discriminate among various 40 microorganisms and express antimicrobial peptides (AMPs) in response to microbial 41 infection [1, 2] . A genetic analysis has revealed that the expression of AMPs is controlled by 42 signaling pathways, such as the spätzle/toll/tube/pelle/cactus gene cassette, which controls for 43 example drosomycin expression [3] . Toll (also called Toll-1) was first identified in 44 Drosophila as the receptor that regulates the dorsal-ventral patterning in embryonic 45 development [4] and was later found to be involved in the regulation of AMP genes in larvae 46 and adult flies [3] .
47
Since the discovery of Drosophila Toll, more than nine Toll-like receptors (TLRs) The cystine knot domains of Spz-2 to Spz-6 can be predicted based on their amino 81 acid sequences, and these are located in the middle region of pro-Spz-2 and at the C-termini 82 of pro-Spz-3 to pro-Spz-6, respectively (see Fig EV1A) TIR domains of all ten Tolls were expressed in S2 cells (Fig 1A and B) . In addition, dual 112 luciferase assays showed that overexpression of the TIR domains from the nine Drosophila
113
Tolls and M. sexta Toll activated the drosomycin promoter to certain extents, and increased
114
promoter activity was observed with the TIR domains of Toll, Toll-7 and M. sexta Toll, but 115 overexpression of the TIR domains from all ten Tolls did not activate the diptericin promoter 116 (Fig 1C) . These results suggested that all nine Drosophila Tolls play a role in immune 117 signaling pathways and that Toll and Toll-7 might play a major role in these pathways. We 118 focused on Toll and Toll-7 in our subsequent study as they can strongly activated the 119 drosomycin promoter. The cystine knot domains of Drosophila Spz-2 to Spz-6 were predicted based on their 122 amino acid sequences (Fig EV1A) . Among the six Spz proteins, Spz, Spz-2 and Spz-5 share 123 high similarities (Spz shares 63% and 71% similarities with Spz-2 and Spz-5, respectively, and 124 Spz-2 shares 62% similarity with Spz-5) (Fig EV1B) interacted with Spz, Spz-2 and Spz-5 but not with Spz-3, Spz-4 or Spz-6 (Fig 2A-D) , whereas
133
Toll-7 ecto interacted with Spz, Spz-2, Spz-5 and Spz-6 but not with Spz-3 or Spz-4 (Fig 2E-H) .
134
These findings suggested that Toll and Toll-7 can bind to multiple Spz ligands. with Toll-Spz, followed by Toll-Spz-2 and Toll-Spz-5 (Fig 3A) . In addition, the co-expression
140
of Toll-7 with Spz, Spz-2 and Spz-5 also activated the drosomycin promoter, and the highest 141 activity was observed with Toll-7-Spz-2, followed by Toll-7-Spz-5 and Toll-7-Spz (Fig 3B) . Toll-7-Spz-5) activated the drosomycin promoter (Fig 3C) . The expression or co-expression of 148 all these proteins did not activate the diptericin promoter (Fig 3) . ectodomains of Toll and Toll-7 and full-length Toll and Toll-7 were amplified by PCR using 285 the forward and reverse primers listed in Table 1 albicans, or VSV-GFP (10,000 pfu/50 nl) was injected into each fly at the left intra-thoracic 322 region using a Drummond nanoinjector and pulled glass capillary needles. These flies were real-time PCR analysis of the gfp transcript using primers for GFP (Table 1) . air-dried and resuspended in 50 µl of nuclease-free water, and the concentration of RNA was 412 determined using a Nanodrop UV-Vis spectrophotometer (ND-1000, Thermo).
413
Total RNA (2 μg from each sample) was treated with RQ1 RNase-free DNase
414
(M6101, Promega) to remove contaminated genomic DNA and then used for the synthesis of experiments were repeated at least three times.
432
Data analysis
433
Three to four replicates of all the experiments were performed, and the experiments 434 were repeated with three to four independent biological samples. The means from a typical 435 dataset were used for the figures, which were prepared using GraphPad Prism (GraphPad,
436
San Diego, California, USA). The statistical significance of the differences was calculated by 437 one-way ANOVA followed by Tukey's multiple comparison test using GraphPad Prism with 438 identical letters for a non-significant difference (p > 0.05) whereas different letters for a 439 significant difference (p < 0.05). The significance of the difference was also determined by an 440 unpaired t-test using GraphPad InStat software with * p < 0.05, ** p < 0.01, and *** p < 
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Data information: In (D, E), the graphs show mean ± SEM, n=3; *** p < 0.001, unpaired t-test. 
